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To cite: Vasankari V, Husu AbsTrACT Objectives We investigated differences in objectively measured sedentary behaviour (SB) and physical activity (PA) levels in subjects with cardiovascular disease (CVD) diagnosis or high CVD risk compared with healthy controls.
Methods
The present study includes a subsample (n=1398, Health 2011 Study) of participants, who attended health examinations and wore a triaxial accelerometer (≥4 days). Patients with CVD were identified and CVD risk was calculated for others using Framingham Risk Score (FRS). Participants were categorised into groups: FRS<10%; FRS=10%-30%; FRS>30%/CVD. Raw acceleration data were analysed with mean amplitude deviation (MAD) and angle for posture estimation (APE). MAD corresponding to intensity of PA was converted to metabolic equivalents (MET) and categorised to light (1.5-2.9 METs) and moderate to vigorous PA (MVPA≥3.0 METs). APE recognises SB and standing.
results Daily accumulated time of >30 s MVPA bouts was higher in FRS<10% group (46 min) than in FRS>30%/ CVD group (29 min) (p<0.001). FRS>30%/CVD group were more sedentary, their mean daily number of >10 min SB bouts (13.2) was higher than in FRS <10% group (11.5) (p=0.002).
Conclusion Number and accumulated times of SB and
PA bouts differed between the CVD risk groups. Causative research is required to assess the importance of SB and PA in prevention and rehabilitation of CVDs.
InTrOduCTIOn Cardiovascular diseases (CVDs), such as ischaemic heart disease, are the leading cause of death worldwide. 1 The development of diagnostics, drug therapy and interventional procedures has decreased CVD mortality. However, the CVDs still cause 32% of deaths globally. 1 Medical and invasive therapies also have side effects, and they induce great economical burden to society. 2 Exposing factors behind CVDs are sex, old age, genetic vulnerability, impaired physical fitness, smoking, elevated low-density lipoprotein (LDL) cholesterol, hypertension and diabetes. 3 4 . These factors have been exploited to build models that predict individual's risk of developing a CVD in the future, such as the well-established Framingham Risk Score (FRS).
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Sedentary behaviour (SB) was recently demonstrated to be a risk factor of CVDs and mortality. 3 6 7 SB is defined as energy expenditure ≤1.5 metabolic equivalent (MET) (=3.5 mL/kg/min O 2 consumption), which indicates energy consumed in seated, reclined or lying position. Low physical activity (PA) is another important risk factor of CVDs. PA is defined as energy expenditure >1.5 MET. 8 9 Previous studies have confirmed an inverse association between PA and CVDs. 10 In addition, the longitudinal effects of PA have been discovered to be beneficial in preventing CVDs.
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Assessment of PA and SB can be conducted by subjective or objective methods. Traditionally, subjective methods, such as questionnaires, have been used to determine the amount of SB and PA. 12 13 One objective means is to use an accelerometer. 9 Previous studies have shown that objective measurements are more accurate in investigating the associations of SB and PA with CVDs than self-report tools. 14 15 Objective measurements might allow more precise dose-response
Key messages
► There were no differences in sedentary behaviour (SB) and physical activity (PA) profiles among patients with cardiovascular disease (CVD) and their non-CVD peers with high CVD risk. ► The participants with low CVD risk had 73% higher number of moderate-to-vigorous PA bouts lasting >3 min compared with the individuals with CVD diagnosis or high CVD risk. ► The individuals with CVD diagnosis or high CVD risk had 14% higher total time of SB accumulating from bouts lasting >5 min than their peers with lower CVD risk.
Open Access relationship between CVDs and SB or PA than self-reported estimates. 3 6 Accelerometer data have mostly been analysed with count-based units. 6 15 However, the countbased data from various studies are largely incomparable because cut-points and algorithms are varying between studies. 9 16 The specific differences in SB and PA profiles among patients with CVD and non-CVD peers should be determined to design lifestyle-based strategies for the primary and secondary prevention of CVDs. The purpose of the present study was to objectively investigate SB and PA parameters, for example, number and accumulated times of different bout lengths among subjects with high CVD risk or established CVD compared with their healthy peers with low CVD risk.
MeThOds study population
This study is based on the 'Physical activity and fitness'-subsample of the Health 2011 Study including 4916 men and women aged 18-85 years in Finland. 17 In total, 2055 participants attended the health examinations and agreed to take the waist-worn accelerometer for 7 days. A total of 1398 participants fulfilled the criterion about the sufficient accelerometer use (≥4 days with ≥10 hours of data) and were used as a study population. The same criterion has been used in previous studies. 15 The data were collected between August 2011 and March 2012.
Cardiovascular disease
Participants with established CVD (coronary artery disease, myocardial infarction, heart failure) were identified with questionnaires. Well-known CVD risk factors were assessed by trained research assistant (ie, blood pressure, plasma cholesterol) or asked in the questionnaires (smoking, diabetes diagnosis, antihypertensive medication) (table 1) . 5 These risk factors were used to build FRS to estimate individual's 10-year risk to develop CVD. The obtained scores were then used to categorise participants into three groups: (1) subjects with low risk (<10%), n=884 (group 1); (2) subjects with medium risk (10%-30%), n=400 (group 2); and (3) subjects with high CVD risk (>30%) and/or CVD diagnosis (ischaemic heart disease, myocardial infarction), n=114 (group 3) (table 2). 5 Assessment of PA and sb A waist-worn triaxial accelerometer (Hookie AM 20, Traxmeet Ltd, Espoo, Finland) was used to assess PA and SB. The accelerometer was attached to a flexible belt on the right side of the hip. The acceleration data were collected at 100 Hz sampling rate. Participants were given oral and written instructions to use the accelerometer for seven consecutive days during wake time. The accelerometer was not intended to be used in water. The raw accelerometer data were stored on a hard disk for analysis.
The mean amplitude deviation (MAD) values of the resultant acceleration of the three orthogonal acceleration components were determined in 6 s epochs. The Open Access MAD values have been found to be a valid indicator of incident energy consumption during locomotion. 16 18 The MAD values were converted to METs for each epoch. PA was divided into three intensity categories in terms of METs: light PA 1.5-2.9 MET; moderate PA 3.0-5.9 MET and vigorous PA >6.0 MET. 9 The proportion of mean vigorous PA was generally <1% of daily wear time. Therefore, PA was reported as light (1.5-2.9 MET) and moderate-to-vigorous PA (MVPA ≥3.0 MET). 4 8 SB was defined as the time spent in the seated/ reclining/lying position without movement (<1.5 MET). Standing still was analysed separately. The accelerometer orientation in terms of the gravity vector was taken as the reference, with the posture being determined from the incident accelerometer orientation. 19 The number of breaks in SB was calculated by measuring all of the lying and sitting periods, which ended in the vertical movement of standing up. Total time, number and accumulated times of following bout lengths (eg, >30 s,>15 min) of SB, standing and PA were determined. 4 Maximum and mean daily number of steps were also calculated. In addition, maximum peak MET levels of weekly PA bouts of different bout lengths (eg, 1 min, 15 min) were identified. 4 The Coordinating ethics committee of the Hospital District of Helsinki and Uusimaa gave an ethical permission for the study (45113/03100/11). All the study participants signed a written informed consent before participation. Open Access statistical analysis Table 2 shows the association between three CVD risk groups, and PA and SB variables, which was tested with multinominal logistic regression adjusted for age, sex and accelerometer wearing time. The CVD risk group of <10% was used as a reference group. Table 3 shows the difference between the subjects with >30% risk of CVDs and CVD diagnosis, which was tested with a general linear model (analysis of covariance). All analyses were conducted by IBM SPSS V.24.0.
resulTs

CVd risk factors
Clinical characteristics of the study sample are shown in table 1. Regarding the risk factors for CVDs, 43% (n=596) were men, 13% (n=175) were smokers, 5.9% (n=83) had diagnosed diabetes, 27% (n=379) had hypertension and 23% (n=321) were on antihypertensive medication. The mean total cholesterol was 5.4 mmol/L, LDL cholesterol 3.3 mmol/L and high-density lipoprotein (HDL) cholesterol 1.5 mmol/L.
Prevalence of CVds
Ischaemic heart disease, being the leading CVD diagnosis, had been diagnosed in 3.9% (n=55) of the study population. On average, men had higher prevalence of ischaemic heart disease (6.0%, n=36) than women (2.4%, n=19) (table 1). Heart failure was another common CVD diagnosis with prevalence of 1.1% (n=16). As in the case of ischaemic heart disease, men had higher prevalence of heart failure (1.5%, n=9) compared with women (0.9%, n=7) (table 1) .
Patients with CVd versus high CVd risk peers: sb and PA levels
Patients with CVD diagnosis and those with FRS >30% did not differ from each other with respect to SB and PA (table 3) . Their daily accumulated total times of >30 s MVPA bouts differed by only 3.5 min (patients with CVD: 26.6 min vs FRS >30%: 31.2 min). Similarly, the mean daily number of steps differed between the patients with CVD (4120) and FRS >30% subjects (4740) with only 500 steps.
subjects with CVd or high CVd risk versus non-CVd peers: PA Table 2 illustrates the PA and SB levels in different CVD risk groups. Participants of the low-risk group had higher number of MVPA bouts compared with the medium-risk group, and especially, to the high-risk/CVD group. The number of MVPA bouts lasting for >3 or >5 min was 73% and 63% (p<0.001), respectively, greater in the low-risk group compared with the high-risk/CVD group. Participants of the low-risk group also had higher accumulated total times of different MVPA bouts than those in the medium-risk and high-risk/CVD group. The daily accumulated total times of MVPA bouts lasting for >30 s was 59% greater (p<0.001) in the low-risk group compared with the high-risk/CVD group (figure 1).
subjects with CVd or high CVd risk versus non-CVd peers: sb SB levels also differed significantly between the three risk groups (table 2) . The accumulated total times of SB bouts lasting for >3 or >5 min were 12% (p=0.002) and 14% (p=0.004), respectively, smaller in the low-risk group compared with the high-risk/CVD group. Also the mean Open Access daily number of SB bouts differed significantly between the CVD groups ( figure 1 ). For example, the low-risk group had 13% (p=0.002) less SB bouts lasting >10 min compared with the high-risk/CVD group. subjects with CVd or high CVd risk versus non-CVd peers: steps and MeT levels Furthermore, the daily number of steps differed between the three risk groups. The maximum and mean daily number of steps were both 66% (p<0.001) greater in the low-risk group compared with the high-risk/CVD group (table 2, figure 1 ). Peak MET levels also differed between the groups, maximum weekly peak MET levels having the clearest difference. Especially, the maximum weekly peak MET level of bout lasting 15 min was 53% (p<0.001) greater in the low-risk group compared with the highrisk/CVD group (table 2, figure 1 ).
dIsCussIOn CVd risk groups: PA As far as we are aware, the present study is the first one evaluating habitual PA and SB between the subjects with high CVD risk or CVD diagnosis and their lower risk peers in an inclusive population-based sample using diverse accelerometer parameters. We found that there were significant differences in the PA habits between the subjects with low and high risk or established CVD. Especially, MVPA levels differed markedly between the three groups in favour of low-risk participants. The mean daily number and accumulated total times of MVPA bouts (eg, lasting >30 s) showed most significant differences in PA levels between the groups. Associations between MVPA and CVD risk have been investigated in previous studies and most of them have reported negative associations between MVPA/PA and CVD risk. 6 20 However, objective measurements of MVPA have not been used to compare subjects with high CVD risk or established CVD and those with lower risk. Furthermore, instead of using only the common total times of PA and SB, the present study used a novel set of diverse PA and SB parameters only exploited in a few earlier studies. 4 8 CVd risk groups: sb We found that both mean daily number and accumulated times of objectively measured SB bouts differed between the participants with low, medium and high CVD risk or CVD diagnosis. Accumulated total times of SB bouts differed significantly between the risk groups, the participants with high CVD risk or CVD diagnosis having the highest accumulated times. Also the numbers of SB Figure 1 The differences in sedentary behaviour and physical activity levels between the CVD groups * . CVD: Cardiovascular disease; number: mean daily number of bouts; time: mean daily accumulated total time of bouts; MVPA: moderate-to vigorous physical activity; MET: metabolic equivalent (3.5 mL/kg/min o2 consumption); level: level of weekly physical activity bout lengths; SB: sedentary behaviour; PA: physical activity. *CVD groups: 1. Participants with <10% risk of CVD; 2. Participants with 10-30% risk of CVD; 3. Participants with >30% risk of CVD or CVD diagnosis. CVD risk is based on Framingham risk score (includes age, systolic blood pressure, total cholesterol, HDL cholesterol, smoking, diabetes and antihypertensive medication as explanatory variables). Calculated against: a 10 breaks in SB; b one bout; c 10 minutes; d one MET; e 1000 steps. OR defines odds ratio versus subjects with <10% risk of CVD. The blue circle represents participants with 10-30% risk of CVD. The red square represents participants with >30% risk of CVD or CVD diagnosis.
Open Access bouts of different lengths (eg, >5 min) showed clear differences between the groups; patients with CVD or high-risk participants had the higher number of SB bouts compared with other groups. Our results are in line with the previous studies reporting that objectively measured SB is related to CVD markers/risks. 3 6 However, objectively measured SB data are rare when it comes to patients with CVD and their non-CVD peers. Creating of specific parameters requires dedicated analysis algorithms, such as MAD and APE, to recognise different postures and breaks in SB. 16 18 19 Previous studies have used countbased thresholds to separate SB from PA, whereas specific posture-based information of SB does not exist in the previous CVD studies. 3 6 15 However, those investigations have discovered deleterious associations between SB and CVD risk factors, which is in line with the present study.
CVd risk groups: steps and MeTs
We also found that the daily number of steps differed significantly between the risk groups. The low-risk subjects had the highest daily step counts compared with other subjects, especially to those with high risk or CVD. The previous studies including data on steps have reported associations with CVD risk. 4 21 In the present study, maximum peak MET levels differed between participants in favour of the low-risk subjects. MET levels have rarely been used as outcome parameters of PA in the previous studies. Instead, they have usually been used to categorise activity.
Objective measurements
To assess the relevance of daily SB and PA levels in progression and management of CVDs, objective measurements conducted to the patients with CVD and their non-CVD controls with different CVD risk profiles are required. Results from this kind of measurements are relevant in making recommendations for CVD prevention.
Patients with CVd vs high CVd risk peers
In this study, we separated diagnosed patients with CVD and high CVD risk subjects from their non-CVD peers and compared their habitual PA and SB. The participants without diagnosed CVD were furthermore categorised by their CVD risk in order to divide the whole study sample in three specific groups. Categorisation was based on established FRS, which is one of the most accurate risk models for estimating individual's overall CVD risk (accuracy: 79% for women and 76% for men). 5 The subjects with CVD (coronary artery disease, myocardial infarction) and/or high CVD risk (FRS >30%) were categorised into the same group because they did not differ from each other with respect to PA levels. For example, mean daily step count differed between these groups with only 500 steps and daily total time of >30 s MVPA bouts with 3.5 min. These differences are minimal compared with the ones detected between the three CVD groups.
CVd risk Separate CVD risk parameters (ie, cholesterol levels) are most often used for estimating CVD risk in the previous accelerometer studies. 3 6 However, these parameters do not give information about comprehensive CVD risk. Few CVD risk studies with accelerometer measurements have included FRS or other CVD risk models, and found SB as positive and PA as negative factors associating with CVD risk. 20 22 strengths of the present study A large population-based sample is one of the most important strengths of the present study, giving an opportunity to compare the relationship of SB and PA levels in subjects with different CVD risk profiles in Finnish adult population. 17 In addition, we exploited specific and novel algorithms, such as MAD and APE, for assessing the duration and intensity of SB and PA. 16 18 19 We also employed multiple SB and PA parameters. Because of the universal nature of the algorithms used in the present study (not depending on the device brand), the MAD and the APE have the potential to be exploited as tools of clinical practice. With these novel algorithms researchers can provide clinically relevant variables (ie, number of breaks in SB, number of steps, number and accumulated times of different bout lengths of SB, standing and PA). These new variables could be used as a target of PA counselling when creating, for instance, future systems with interactive accelerometer and smartphone application.
limitations of the present study Some limitations in our study need to be addressed. The lack of objective measurements in water-based activities is one. Accelerometers were instructed to be used during the wake-up time, which is why some of the SB data may have been lost. In addition, the present study had cross-sectional design. Due to the lack of causative results, we cannot prove whether high SB and low PA levels resulted in high CVD risk and CVD development, or whether the patients with CVD and high-risk subjects were just more likely to spend time as sedentary. It is possible that the subjects with CVD diagnosis or high risk might have limited ability to reach high PA levels, which could explain some of the differences in MVPA. Finally, the subjects with CVD diagnosis were recognised with questionnaires, which might have led to few incorrect classifications in the categorisation of participants. However, the proportion of the incorrect classification is obviously minor in the study population.
COnClusIOns
The present study found that both mean daily number and accumulated times of SB differed significantly between the subjects with high risk of CVD or CVD diagnosis and their non-CVD peers with lower risk, which supports the findings previously discovered in the field of CVD risk factors. The subjects with high CVD risk as well as patients with CVD had the highest mean daily Open Access number of SB bouts, especially bouts lasting for >10 min. In conclusion to results of PA, the daily total time of MVPA bouts lasting for >30 s was the most significant predictor of CVD risk. Mean and maximal daily number of steps, and weekly peak MET levels also were predictors of CVD risk in favour of the participants with lowest CVD risk. There were no significant differences in accumulated SB and PA levels between patients with CVD and high CVD risk subjects. Due to the cross-sectional design of the present study, further research with causative design is required for determining the importance of SB and PA in primary and secondary prevention of CVDs.
